.
—ull-Scale Crash Evaluation of a

Vlodified Eccentric Loader Terminal,
-inal Report i

PUBLICATION NO. FHWA-RD-99-031 SEPTEMBER 1999
@ o im0, NTIS
US.Department of Transportation o Garmateid. Virginea 20161

Federal Highway Administration

Research, Development, and Technology
Turner-Fairbank Highway Research Center
6300 Georgetown Pike

McLean, VA 22101-2296




FOREWORD

This report will be of interest to researchers and those who select, design, and locate traffic
barriers. It presents the results of a series of tests that were intended to develop a version of
the Modified Eccentric Loader Terminal (MELT) that meets the requirements for Test Level
Three (TL-3) in the National Cooperative Highway Research Program Report 350. It was
found that the performance of this particular MELT design was very sensitive to variations in
soil moisture content and the strength of the wood posts. Consequently, these crash tests did
not produce a TL-3 version of the MELT that was acceptable to FHWA for use on the
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INTRODUCTION

Five vehicle crash tests were performed
by Southwest Research Institute, San
Antonio, Texas, to evaluate the performance
of a Modified Eccentric Loader Terminal
(MELT). Specifically, tests designated as
types 3-39, 2-35, and 3-35 in NCHRP Report
350 were performed. One of the tests was
rejected by the FHWA due to insufficient
high-speed film documentation. This test,
MLT-4, resulted in a roll-over, and the re-
sults are not presented in this report. This
report summarizes the other four tests, but
does not contain all the details found in the
individual test reports.

Since the same barrier configuration was
utilized in all tests, the only variables be-
tween tests were impact velocities, angles,
and direction. These are shown in table 1
along with the warrant for each type of test.

The text in the following sections briefly
describes the test installation, vehicles, test
sequences, and resulting damage to both the
installation and vehicle. In addition, conclu-
sions regarding barrier performance during
each of the individual tests as well as an
overall evaluation are offered.

TEST INSTALLATION
Facility

These tests were performed along and
adjacent to the inactive East Runway at
Brooks Air Force Base, San Antonio, Texas.
The barrier was constructed at an angle to the
runway, and the test vehicles were directed
into the barrier at the selected angles and
velocities.

'Ross, H.E., Jr,, Sicking, D.L., Zimmer, R.A., and
Michie, J.D., "Recommended Procedures for the Safety
Performance Evaluation of Highway Appurtenances,”
NCHRP Report 350, Washington, D.C., 1993.

Test Article

Barrier construction details are presented
in figure 1. Briefly, the test installation con-
sisted of a 1.5-m flared MELT system and
30.5 m of G4-2w-beam on 152-mm by 229-
mm wood posts. The downstream end of the
installation was a 1.9-m straight breakaway
cable terminal (BCT). The 2.75-mm-thick w-
beam was mounted on wood posts spaced at
1.9 m center to center.

Photographs of details of the barrier instal-
lation are shown in figure 2.

TEST VEHICLE, CONTROLS, AND
DATA SYSTEMS

Vehicle and Dummy

Pretest photographs of the vehicles used
are shown in figures 3 through 6. For all tests,
an uninstrumented dummy was placed in the
driver's seat of each vehicle and restrained
with lap and shoulder belts.

Vehicle Controls

Each vehicle was guided to the impact lo-
cation using a 6.4-mm-diameter x 457.2-m-
long steel cable that passed through a guide
tube/bracket attached to the left front wheel
spindle. The cable was pretensioned and
located alongside the run-up strip where it
would not interfere with postimpact vehicle
trajectory. Just prior to impact, the guide
tube/bracket was sheared off, allowing the ve-
hicle free trajectory.

Braking of each test vehicle was accom-
plished by use of an air cylinder attached to its
brake pedal. The air cylinder was activated by
a gas-charged accumulator through an inter-
mediate solenoid valve. The solenoid valve
was remotely controlled by the test conductor.

Each test vehicle was towed into the bar-
rier using a cable/pulley system for reverse



towing, i.e., the tow vehicle moved away
from the barrier as the test vehicle moved
toward it. The tow cable was attached to the
underside of the test vehicle and released just
prior to impact. Vehicle impact speed con-
trol was achieved by means of an automatic
controller attached to the engine distributor
of the tow vehicle. After the tow vehicle ac-
celerated to its predetermined test speed, the
controller pulsed the ignition, maintaining
the tow vehicle at that speed.

Electronic Data Acquisition

The test vehicles were instrumented with
multiple accelerometers and one rate gyro;
locations of these transducers in each vehicle
are described in table 1. The accelerometers
were oriented to obtain data in directions
parallel to the longitudinal, lateral, or vertical
axes of the vehicle, whereas the rate gyro
was oriented to measure the yaw angular rate
change the vehicle experienced during the
impact sequence. All transducer data were
recorded by a Pacific Instruments Model
5600 Data Acquisition System (DAS), which
contained signal conditioners, amplifiers, ap-
propriate SAEJ211 filters, and digitizers with
onboard memory for up to 32 data channels
at programmable sample rates to 100 kilo-
hertz per channel. Digitized data were re-
corded in solid state non-volatile memory
with a capacity of 65,000 data points per
channel.

Film Data Acquisition

In addition to the electronic data, high-
speed film coverage of all four tests included
a camera onboard the vehicle as well as cam-
eras adjacent to and overhead of the barrier
installation.

Data Processing

Vehicle transducer data were downloaded
to a personal computer after each test and pro-
cessed through an Institute-developed comput-
er program. This program utilized accelerom-
eter and rate gyro data to determine vehicle
acceleration (in longitudinal, lateral, and ver-
tical directions), heading angle, velocity, and
displacement as a function of time during each
event. In addition, these data provided input
to the program for calculation of the highest
50-millisecond (msec) average accelerations
for the vehicle as well as occupant risk data,
including impact velocities (with the interior
of the vehicle) and 10-msec average ridedown
accelerations. The output of this data was
provided in either tabular or graphical form.

TEST DESCRIPTION

Test MLT-1. This was the first test of the
series and utilized a 1990 Chevrolet, six-lug,
light-duty C2500 pickup truck as the test vehi-
cle. Gross test weight, including the dummy
and instrumentation, was 2050 kg. Actual test
conditions were 100.1 km/h and a 20° impact
angle. Ambient temperature at test time was
15° C. As shown in the test summary dia-
gram of figure 7, the vehicle impacted the
barrier 0.5 m upstream of post 4. The vehicle
fractured post 3, was smoothly redirected, and
rolled to a stop 150 m downstream of impact.
Figures 8 and 9 show the redirection sequence
of the vehicle from overhead as well as behind
the barrier viewpoints. The postimpact trajec-
tory of the vehicle was such that it traveled in
a relatively straight line after loss of contact
with the barrier. Maximum 50-msec average
accelerations measured from onboard trans-
ducer data indicated -1.1 G’s longitudinal and
0 G’s lateral.

Test MLLT-2. The vehicle used in this test
was a 1991 Chevrolet, six-lug, light-duty



C2500 pickup truck. Gross test weight, in-
cluding the dummy and instrumentation, was
1970 kg. Actual test conditions were 80.6
km/h and a 20° impact angle. Ambient tem-
perature was15° C. As shown in the test
summary diagram of figure 10, the vehicle
impacted the barrier at post 3 of the installa-
tion. The vehicle fractured posts 4 through
8, was smoothly redirected, and rolled to a
stop 26 m downstream of impact. Figure 11
shows the redirection sequence of the vehicle
from behind the barrier. Maximum 50-msec
average accelerations measured from on-
board transducer data indicated 4.5 G’s lon-
gitudinal and 0.3 G’s lateral.

Test MLT-3. The vehicle used in this
test was a 1991 Chevrolet, six-lug, light-duty
C2500 pickup truck. Gross test weight, in-
cluding the dummy and instrumentation, was
2045 kg. Actual test conditions were 100.1
km/h and a 20.0° impact angle. Ambient
temperature was 5° C. As shown in the test
summary diagram of figure 12, the vehicle
impacted the barrier at post 3 of the instal-
lation. The vehicle fractured posts 3 through
13, the w-beam rail section fractured, and the
vehicle penetrated the system. The vehicle
was braked to a stop 55 m downstream of
impact behind the rail. Figures 13 and 14
show the impact sequence of the vehicle
from above and behind the barrier. Maxi-
mum 50-msec average accelerations mea-
sured from onboard transducer data indicated
7.5 G’s longitudinal and 1.5 G’s lateral.

Test MLT-5. The vehicle used in this
test was a 1991 Chevrolet, six-lug, light-duty
C2500 pickup truck. Gross test weight, in-
cluding the dummy and instrumentation, was
2045 kg. Actual test conditions were 98.3
km/h and a 19.8° impact angle. Ambient
temperature was 35° C. As shown in the test
summary diagram of figure 15, the vehicle
impacted the barrier at post 3 of the installa-

tion. The vehicle fractured posts 5 through 8,
was smoothly redirected, and rolled to a stop
36.2 m downstream of impact. Figures 16 and
17 show the impact sequence of the vehicle
from above and behind the barrier. Maximum
50-msec average accelerations measured from
onboard transducer data indicated -5.8 G’s
longitudinal and 4.6 G’s lateral.

BARRIER DAMAGE

Test MLT-1. Damage to the barrier, as
shown in figure 18, consisted of fracturing of
post 3 and deformation of two 3.8-m sections
of w-beam. Permanent barrier deflection was
0.1 m after the test. -

Test MLT-2. Damage to the barrier, as
shown in figure 19, consisted of fracturing at
ground level of posts 4 through 8 and defor-
mation of two 3.8-m sections of w-beam. Per-
manent barrier deflection was 0.4 m after the
test.

Test MLT-3. Damage to the barrier, as
shown in figure 20, consisted of fracturing at
ground level of posts 3 through 13. The w-
beam fractured at the downstream side of the
splice at post 9. Five 3.8-m sections of w-
beam were damaged as well as the MELT
components.

Test MLT-5. Damage to the barrier, as
shown in figure 21, consisted of fracturing at
ground level of posts 5 through 8 and defor-
mation of three 3.8-m sections of w-beam.
Permanent barrier deflection was 1.1 m after
the test.

VEHICLE DAMAGE

Test MLT-1. As shown in figure 22, the
test vehicle sustained damage to the left front
fender and along the left side, as well as dam-
age to the headlight/grille area. The left side



of the front bumper was deformed rearward,
and the left front suspension/wheel/tire dis-
placed rearward. The left front tire was
blown out as a result of the impact. The ex-
terior vehicle damage scale was estimated to
be 11-LFQ-2 using the VDS system and
11FFENY using the CDC system. The inte-
rior deformation of the occupant compart-
ment was LF0000000 using the OCDI sys-
tem. There was no deformation or intrusion
into the occupant compartment.

Test MLT-2. Figure 23 shows that the
test vehicle sustained damage to the left front
fender and along the left side, as well as
damage to the headlight/grille area. The left
side of the front bumper was deformed rear-
ward, and the left front suspension/wheel/
tire displaced rearward and inward. All tires
remained inflated during impact. The exte-
rior vehicle damage scale was estimated to
be 11-FQ-3 using the VDS system and
11FFENDO using the CDC system. The interi-
or deformation of the occupant compartment
was LF0000000 using the OCDI system.
There was no deformation or intrusion into
the occupant compartment.

Test MLT-3. The test vehicle, as shown
in figure 24, sustained significant sheet metal
damage. The left front fender and side were
damaged as well as the entire front bumper,
grille/headlight area. The radiator and
mounting shell was deformed into the engine
compartment. All tires remained inflated
during impact, although the left front tire de-
flated some time after impact. The exterior
vehicle damage scale was estimated to be 11-
FQ-4 using the VDS system and 1 1IFFEW9
using the CDC system. The interior defor-
mation of the occupant compartment was
LF0000000 using the OCDI system. There
was no deformation or intrusion into the
occupant compartment.

Test MLT-S. Figure 25 shows that the
test vehicle sustained damage to the left front
fender and along the left side, as well as dam-
age to the headlight/grille area. The left side
of the front bumper was deformed rearward,
and the left front suspension/wheel/tire dis-
placed rearward and inward. All tires re-
mained inflated during impact. The exterior
vehicle damage scale was estimated to be 11-
LFQ-3 using the VDS system and 11FFEW6
using the CDC system. The interior deforma-
tion of the occupant compartment was
LF0000000 using the OCDI system. There
was no deformation or intrusion into the occu-
pant compartment.

EVALUATION OF TEST RESULTS

Performance evaluation of the barrier de-
sign is based on the criteria shown in table 5.1
titled "Safety Evaluation Guidelines," of
NCHRP Report 350. The specific require-
ments applicable for each of the test types, i.e.
3-39, 2-35, and 3-35, are shown in tables 3
through 6 together with the test results. While
the evaluation criteria were met for the first
two tests, 3-39 and 2-35, only after optimizing
the test conditions (i.e. Grade 1 structural
grade lumber for the posts and dry compacted
strong soil) was the barrier able to meet the
criteria for test 3-35.

CONCLUSIONS

From these tests and the evaluations
described in the preceding section, this
modified MELT is not suitable for use on test
level 3 (TL-3) roadways.
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Table 2. Vehicle data transducer locations.

Type Location Orientation Applicability
Accelerometer | Center of gravity Longitudinal axis All tests
Accelerometer | Center of gravity Lateral axis All tests
Accelerometer | Center of gravity Vertical axis All tests
Rate Gyro Center of gravity Longitudinal axis All tests
Accelerometer | Over rear axle Longitudinal axis All tests
Accelerometer | Over rear axle Lateral axis All tests
Accelerometer | Over rear axle Vertical axis All tests
Accelerometer | Top engine block Longitudinal axis All tests
Accelerometer | Bottom of engine block Longitudinal axis All tests
Accelerometer | Right front disc brake caliper Longitudinal axis All tests
Accelerometer | Left front disc brake caliper Longitudinal axis All tests
Accelerometer | Center of instrument panel Longitudinal axis All tests
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Figure 2. Barrier photographs.
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Figure 2. Barrier photographs (continued).
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Figure 3. Vehicle photographs - Test MLT-1.
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Figure 4. Vehicle photographs - Test MLT-2.
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Figure 5. Vehicle photographs - Test MLT-3.
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Figure 6. Vehicle photographs - Test MLT-S.
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Figure 18. Barrier damage photographs - Test MLT-1.
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Figure 19. Barrier damage photographs - Test MLT-2.
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Figure 20. Barrier damage photographs - Test MLT-3.
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Figure 21. Barrier damage photographs - Test MLT-5.
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Figure 22. Vehicle damage photographs - Test MLT-1.
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Figure 23. Vehicle damage photographs - Test MLT-2.
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Figure 24. Vehicle damage photographs - Test MLT-3.
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Figure 25. Vehicle damage photographs - Test MLT-5.
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